The A 2 [ReF 6 ] (A = K, Rb and Cs) salts are isotypic and crystallize in the trigonal space group type P3m1, adopting the K 2 [GeF 6 ] structure type. 2À anions, as observed in their Raman spectra, are correlated to the size of the counter-cations.
Chemical context
The hexafluoridorhenate(IV) anion has been known for 80 years but its chemistry is understudied with respect to the heavier halogen analogs (Ruff & Kwasnik, 1934) . The scarcity of [ReF 6 ] 2À salts is attributed to the difficulties in their preparation and purification. K 2 [ReF 6 ] was the first hexafluoridorhenate(IV) salt to be reported; it was prepared from the solid-state melting reaction (SSMR) of K 2 [ReBr 6 ] with KHF 2 (Ruff & Kwasnik, 1934 ) had been reported (Peacock, 1956; Weise, 1956; Pedersen et al., 2014; Brauer & Allardt, 1962) . Those salts were prepared by cation metathesis starting from (NH 4 ) 2 [ReF 6 ] or K 2 [ReF 6 ]. However, the synthetic procedure to prepare (NH 4 ) 2 [ReF 6 ] or K 2 [ReF 6 ] was not explained in detail. To date, only the structures of two [ReF 6 ] 2À salts have been characterized by single crystal X-ray diffraction (SCXRD): K 2 [ReF 6 ] (measured at 292 K) and (PPh 4 ) 2 [ReF 6 ]ÁH 2 O (measured at 122 K) (Clark & Russell, 1978; Pedersen et al., 2014) . Similarly, the synthesis of the K 2 [TcF 6 ] congener, which was reported in 1963, involves the SSMR of K 2 [TcBr 6 ] with KHF 2 followed by an aqueous work-up (Schwochau & Herr, 1963) . However, [TcF 6 ] 2À salts have been reinvestigated recently (Balasekaran et al., 2013) , and various routes for the different salts of A 2 [TcF 6 ] [A = Na, K, Rb, Cs and N(CH 3 ) 4 ] were reported. These salts were characterized by Raman and IR spectroscopy and by SCXRD. The A 2 [ReF 6 ] salts could serve as suitable precursors to explore the chemistry of rhenium in the oxidation state IV.
Structural commentary
The title alkaline metal salts A 2 [ReF 6 ] (A = K, Rb, Cs) are isotypic. They adopt the K 2 [GeF 6 ] structure type (Hoard & Vincent, 1939) and crystallize in the trigonal space group type P3m1 (Table 1) , just like the related A 2 [TcF 6 ] (A = K, Rb, Cs) compounds (Balasekaran et al., 2013) . Selected bond lengths and angles of the series of [ReF 6 ] 2À anions of the present work and the reported [TcF 6 ] 2À salts (Balasekaran et al., 2013) are presented in Table 1 . Representative for all other title compounds, the [ReF 6 ] 2À anion of the Cs 2 [ReF 6 ] salt is given in Fig. 1 . The Re IV atom is located on a position with site symmetry 3m. (Wyckoff position 1a) at the origin of the trigonal unit cell. The six symmetry-related fluorine ligands form a slightly distorted octahedral coordination sphere around the rhenium(IV) atom. The Re-F bond lengths for the K, Rb, and Cs salts of [ReF 6 ] 2À , 1.948 (3), 1.945 (7) and 1.9594 (18) Å , respectively, are longer than the Tc-F bond lengths for the congener K, Rb, and Cs salts of [TcF 6 ] 2À , 1.928 (1), 1.933 (3), and 1.935 (5) Å , respectively (Balasekaran et al., 2013 (Balasekaran et al., 2013; Hoard & Vincent, 1939) . In comparison with the previous structure determination of K 2 [ReF 6 ] (Clark & Russell, 1978) , the current redetermination resulted in better reliability factors, together with a more precise determination of lattice parameters and atomic coordinates.
Raman spectroscopy
As reported previously for K 2 [ReF 6 ] and A 2 [TcF 6 ] (A = K, Rb, Cs) (Bettinelli et al., 1987; Balasekaran et al., 2013) Note: (a) Balasekaran et al. (2013) .
Figure 2
A packing diagram of Cs 2 [ReF 6 ]. Displacement ellipsoids are drawn at the 50% probability level.
Figure 1
Representation of the [ReF 6 ] 2À anion in Cs 2 [ReF 6 ]. Displacement ellipsoids are drawn at the 50% probability level. [Symmetry codes: (i) Àx, Ày, Àz; (ii) x À y, x, Àz; (iii) Àx + y, Àx, z; (iv) Ày, x À y, z; (v) y, Àx + y, Àz.] well described (Balasekaran et al., 2013) . Here, a similar trend occurs for the A 2 [ReF 6 ] series (A = K, Rb, Cs; Fig. 3 ). In the case of K 2 [ReF 6 ], the Raman spectrum exhibits four bands at 624, 539, 244 and 224 cm À1 . The latter two vibrations correspond to the F 2g band split due to the symmetry lowering. In the Raman spectra of A 2 [MF 6 ] complexes (A = K, Rb, Cs; M = Tc, Re), the F 2g splitting decreases from K 2 [ReF 6 ] to Cs 2 [ReF 6 ] due to differences in M-F bond length. Furthermore, the slight increase of M-F bond lengths from K 2 [MF 6 ] to Cs 2 [MF 6 ] are well represented in the Raman spectra which causes the Raman bands to shift to lower wavenumbers.
Synthesis and crystallization
Ammonium perrhenate, ammonium bifluoride, potassium fluoride, rubidium fluoride, cesium fluoride, and hydrobromic acid (48%) were purchased from Sigma Aldrich and used without any further purification. This work was performed in a well-ventilated fume hood due to the corrosive nature of bifluoride. K 2 [ReBr 6 ] was prepared as described in the literature (Watt et al., 1963) Computer programs: APEX3 and SAINT (Bruker, 2015) , SHELXS (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , DIAMOND (Brandenburg, 2007) and publCIF (Westrip, 2010 [ReF 6 ] were formed in 24 h and washed first with cold water (3 Â 2 ml) to remove other fluoride impurities followed by isopropanol (3 Â 1 ml), and diethyl ether (3 Â 1 ml). Rb 2 [ReF 6 ] yield: 156 mg, 0.33 mmol (83%). IR (KBr, cm IR spectra were measured on a Shimadzu IR Affinity-1 spectrometer between 400 and 4000 cm À1 . Raman spectra were recorded on a HORIBA T64000 triple spectrometer operating at 30 mW in subtractive mode. The spectra were taken from pure single crystals at room temperature using the 514.5 nm (Kr/Ar) laser line.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . For all structures, data collection: APEX3 (Bruker, 2015 ); cell refinement: SAINT (Bruker, 2015) ; data reduction: SAINT (Bruker, 2015) ; program(s) used to solve structure: SHELXS (Sheldrick, 2008 ); program(s) used to refine structure:
SHELXL2014 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 2007) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
Dipotassium hexafluoridorhenate(IV) (SMB_K2ReF6_1)
Crystal data T min = 0.14, T max = 0.44 2148 measured reflections 180 independent reflections 180 reflections with I > 2σ(I) 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Dirubidium hexafluoridorhenate(IV) (SMB_Rb2ReF6_j)
Crystal data 
Special details
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

Special details
